Introduction
Thermal methodologies are analytical and quantitative methods capable of providing reliable, fast and reproducible results. Thermogravimetry (TG), Differential Scanning Calorimetry (DSC) and Isothermal Titration Calorimetry (ITC) techniques are the chosen methods for several physicochemical determinations.
ITC is the most quantitative means available for measuring the thermodynamic properties of a protein-protein interaction. So, ITC is the calorimetric approach most used to investigate biomolecular interactions. ITC measures the binding equilibrium directly by determining the heat evolved on association of a ligand with its binding partner. In a single experiment, the values of the binding constant (Ka), the stoichiometry (n) and the enthalpy of binding (ΔHb) are determined. The free energy and entropy of binding are determined from the association constant. The temperature dependence of the ΔHb parameter, measured by performing the titration at varying temperatures, describes the ΔCp term. Furthermore, binding of proteins and small molecules to nucleic acids is of course critical to all organisms, playing a role in replication, transcription, translation and DNA repair processes to name just a few. Protein association with nucleic acids has therefore been the subject of much study throughout the years, and ITC has been one of the most common tools used for such investigations. When used in conjunction with complementary techniques such as X-ray crystallography, ITC can provide an informative thermodynamic account of these systems [1] . Besides, ITC is a useful technique in the protein-lipid interactions studies, and two examples in 2008 were the study of the effect of cholesterol on an amphibian antimicrobial peptide interaction with membranes [2] , and analysis of the interaction of mammalian bonemarrow derived peptides with model and natural membranes [3] . Finally, ITC is a powerful tool for the pursuit of higher affinity drugs with improved binding specificities [4] . In its simplest form, ITC is a rapid and convenient method for measuring affinities of new leads and optimized compounds. In addition, however, ITC is particularly useful in providing information about the mode of binding. The use of ITC as a general tool in drug design and characterization is exemplified in a study by McKew et al. [5] who demonstrated the efficacy of ITC for studying three classes of inhibitor to the cytosolic amphitropic enzyme phospholipase A2 alpha (cPLA2a).
TG is mainly employed to study thermal stability, kinetic parameters and degradation processes for a wide range of materials. DSC allows characterizing protein stability and folding, drug-protein interactions, as well as heat capacity, vapor pressures and polymorphism. Moreover, it has been pointed out the usefulness of DSC technique as a potential tool for the early diagnosis, monitoring and screening of cancer patients [6] .
Application of thermal analysis to sulfur and selenium compounds with multiple applications
Sulfur (S) and selenium (Se) compounds present several applications in a great variety of fields. We consider the anticancer activity of these compounds as the most important application due to the burden, costs and mortality rates caused by cancer disease. Thus, we will treat in depth the application of thermal techniques to these anticancer compounds in the following section.
Due to the vast applications of S and Se compounds and to the great structural variability in each of these applications, the S and Se compounds are going to be classified according to their structural features.
Coordinated compounds
The study of the degradation process is one of the most common utility for thermal techniques in the study of metal complex derivatives. Coordination compounds with dithiocarbamates have attracted attention because of their potential biological activity [7] [8] [9] [10] . In 2006, a novel dithiocarbamate ligand L (triammonium-N-dithiocarboxyiminodiacetate) was synthesized and the thermal decomposition of its cooper (II), niquel (II) and palladium (II) was studied by DSC and thermogravimetry [11] . The authors showed that thermal stability of (NH4)3L is low and its decomposition starts with evaporation of an ammonia molecule. Of the three complexes, Cu(H2L)2 is the least thermally stable. Thermal decomposition of the complexes most likely begins with decarboxylation. It is endothermic up to 500 K, but exothermic oxidation processes are observed above this temperature. Thermal decomposition of the cooper (II) complex is accompanied by its melting and with an exothermic structural rearrangement [11] . During the last two years, these thermal techniques have been used to study the stability and to characterize the degradation process of several dithiocarbamate complexes [12] [13] [14] . On the other hand, a study of the degradation process for three novel selenocyanato complexes has been published recently [15] . The authors demonstrated that all compounds decompose in a single heating step without the formation of ligand-deficient intermediates.
Another application of thermal analysis is to study the chemical structure and the structure rearrangements in metallic complexes. The VA main group metal compounds including inorganic and metallorganic complex have showed interesting physical properties, medical and material functions. Some bismuth complexes can be used in medicine, microbiology and pharmacology [16] [17] [18] . Two studies with thiourea complexes of antimony and bismuth have evidenced several structure rearrangements or phase transformations for these complexes from 100 to 170 ºC [19, 20] .
Several studies have been carried out in order to determine the specific and thermodynamic constants of methionine, which is one of the nine essential amino acids needed by human beings and contains a sulfur atom, and 2-mecaptonicotinic acid complexes [21, 22] .
Glass materials
Chalcogenide semiconductors have been proposed for phase change nonvolatile random access memories, which is becoming the next generation for memory technology [23] . So, the proper description of thermal behavior of semiconducting chalcogenide glasses is crucial to understand their properties and functions. One of the crucial techniques to study the glass transition kinetics is the differential thermal analysis (DTA) and DSC.
Among the chalcogenide systems, selenium and selenium based glassy alloys have been intensively studied due to their wide technical applications, especially in the field of electronics and optoelectronics. A recent study has used the DTA technique to study the glass transition kinetics of the two binary Se-In alloys in comparison with that of pure Se. The glass transition temperature was found to be shifting to a higher value with increasing of heating rates and indium content. It was observed an increase of the stability parameters accompanied with the introduction of In into the Se matrix [24] . Another interesting Se based glassy alloys are Se-Sb alloys owing to their electrical, optical dielectric and thermal properties. Mehta et al. have reported the thermal characterization with calorimetric measurements for some Se-Sb alloys [25] . They reported the Hruby number, which is the strong indicator of glass forming tendency, thermal stability parameter and the values of crystallization enthalpy and entropy.
Selenium-tellurium thin films have attractive semiconductors for device application. Se-Te form a continuous series of solid solution and the Se-Te system has an intermediate behavior between pure Se and pure Te. The addition of Te has a catalytic effect on the crystallization of Se. In 2009, the crystallization parameters of the bulk Se-Te chalcogenide glass have been studied using DSC [26] . The values of glass transition temperature, onset crystallization temperature, peak crystallization temperature and enthalpy released with and without laser irradiation for different exposure time have been studied. The films showed indirect allowed interband transition that is influenced by the laser irradiation.
Ternary systems of chalcogenide glasses containing metal elements possess unique optical, electrical and physicochemical properties [27] . The most popular metal is silver and its addition into chalcogenide glasses leads to a drastic change in the physical and chemical properties of the material, for instance, it increases the conductivity by several orders of magnitude and decreases the slope of frequency dependence of alternating current (AC) conductivity. A study conducted by Ogusu et al. carried out DSC, X-ray diffraction (XRD) and Raman scattering measurements for Agx(As0.4Se0.6)100-x glasses with x = 0-35 at.% in order to investigate the crystallization kinetics and the local structure [28] . The DSC curves of the samples with Ag content x = 15-35 at.% were obtained at various heating rates for different Ag contents and two or three exothermic peaks for the crystallization were found depending on the Ag content. Furthermore, the dimension of crystal growth of sample particles and activation energy were determined using Matusita´s equation to analyze the DSC data. It was found that the surface and bulk crystallization take place depending on the Ag content and peak crystallization temperatures [28] .
Glassy selenium has low sensitivity and thermal instability. These properties can be improved by alloying of some elements into selenium matrix, such as arsenic [29] and antimony [30, 31] . The proper description of thermal behavior of these glasses is important for understanding their properties and applications. Recently, the thermal properties and structure of AsxSe100-x and SbxSe100-x glass-forming systems (x = 0, 1, 2, 4, 8 and 16) were reported by conventional and StepScan DSC and Raman spectroscopy [32] . Among these thermal properties, the authors studied the glass transition temperature and the crystallization of undercooled melts. So, the glass transition temperature for AsxSe100-x system increases almost linearly with increasing As content from 40 up to 93 ºC, because the glass structure becomes more stable due to cross-linking of Se chains by As. Nevertheless, the glass transition temperature of SbxSe100-x changes only slightly from 40 to 48 ºC [32] . Concerning to the study of crystallization of undercooled melts, it was found that only selenium crystallizes from undercooled melts of As-Se system and its tendency to crystallize decreases markedly with increasing As content, for arsenic content higher than 4 at.% no crystallization was observed. In the case of Sb-Se system Sb2Se3 crystallizes in the first step followed by trigonal selenium crystallization from non-stoichiometric undercooled melt [32] .
Another technologically important ternary system of chalcogen elements are the infrared transmitting glasses based on Ge-Sb-Se because they are good transmitters of radiation in the 2-16 µm wavelength region. The applications include fabrication of optical components like IR lenses, windows and filter used in thermal imaging systems. The Sb-Ge-Se films result sensitive for the UV exhibit mechanical, optical and structural changes [33, 34] . An understanding of the glass forming tendency and crystallization kinetics in these chalcogenide materials is very important to develop them for applications based on the amorphous to crystallization phase change and vice versa. So, one report evaluated the glass-forming ability of some alloys in SbxGe25-xSe75 (0 ≤ x ≤ 10) system by using various thermal stability criteria, based on characteristic temperatures [35] . It was observed that the thermal stability decrease with increasing Sb content in the glassy system.
Inorganic mixtures
Several reports have been published concerning to the solubility and thermal characterization of various metal-selenite systems. For example, some manganese(II)
selenite are used for coloring glasses, enamel and glazes. On the basis of MnSeO3, two manganese selenides (α-MnSe and MnSe2) were obtained having very interesting semiconductor properties [36] . Vlaev et al. have studied the crystallization fields of manganese(II) selenites in the system MnSeO3-SeO2-H2O in the temperature interval 25-300 ºC and characterized the observed phases [37] . Previously to this article, the same author reported the crystallization fields and the characterization of the observed phases for the system NiSeO3-SeO2-H2O [38] . Another article studied the phase equilibrium in the system CdO-SeO2-H2O at 25 and 100ºC and the thermolysis mechanism of the compounds obtained.
The ytterbium selenites can serve as initial substances for obtaining selenides and oxyselenides having valuable photoconductive and superconductive properties. So, Gospodinov et al. have studied the solubility isotherm of the three-component system Yb2O3-SeO2-H20 at 100 ºC [39] . Furthermore, they have performed simultaneous TG and DTA curves of the compounds obtained in its fields of crystallization and the mechanism of the thermal decomposition [39] .
Alkali metal sulfates, selenite and phosphate tellurate compounds having the formula M2XO4Te(OH)6, where M is the metal and X is S, Se or P, form a broad families with interesting properties, such as superprotonic conduction and ferroelectricity [40] [41] [42] . So, synthesis, calorimetric and conductivity studies of new mixed solution of rubidium sulfate selenate tellurate [43] and thallium selenate tellurate [44] have been carried out.
Miscellaneous compounds
In the last two years, several thermal and structural investigations on crystal structures with thiourea have been carried out. The thermal decomposition of crystal structures with bisthiourea derivatives has been studied by TG-DSC [45] . Another study reported the growth and characterization of a new non-linear organometallic crystal (potassium thiourea thiocyanide or PTT) [46] . The TG curve showed the complete decomposition of PTT between 176 and 1000 ºC in three steps with corresponding three DTA peaks.
Some selenoesters present promising photophysical properties for optical device applications such as emissive liquid crystal displays (LCDs), polarized organic lasers and anisotropic Light-emitting diodes (LEDs). Rampon et al. have reported the synthesis and the study of the liquid crystalline and fluorescent properties of novel selenoesters [47] . So, these compounds were fluorescent in the blue region and exhibited their stability and liquid crystalline properties over a large range of temperatures. Moreover, these compounds showed a rich phase polymorphism.
Cooper chalcogenides are considered as promising in electronic technology due to their physicochemical properties [48, 49] . Chrissofis et al. [50] have reported the thermal behavior of samples with very slight divergence from stoichiometry (Cu2-xSe). Also, they have studied the nature of the transformation with non-isothermal measurements at different heating and cooling rates.
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Oligothiophenes and polythiophenes are another sulfur compounds that have attracted much attention due to their unusual electric and nonlinear optical properties as interesting materials for organic electronics and optoelectronics, LEDs, field-effect transistors, thin-film transistors… So, the relative stabilities of 2,2´-and 3,3´-bithiophenes (the main building blocks of these conducting organic materials) have been evaluated by experimental thermochemistry [51] .
Application of thermal analysis to sulfur and selenium compounds with anticancer activity
In the last decade, among the wide range of compounds tested as potential anticancer agents, several structurally diverse derivatives that contain a sulfur or selenium template have been reported and have generated growing interest. For that reason, in this chapter we have focused on some relevant thermal studies in sulfur and selenium compounds with anticancer activity.
Sulfur amino acids and cysteine cathepsins.
The human family of cysteine cathepsins are a family of lysosomal proteases and has 11 members (cysteine cathepsin B, C, F, H, K, L, O, S, V, W and X), which share a conserved active site that is formed by cysteine, histidine and asparagine residues. Cysteine cathepsins are often upregulated in various human cancers, and have been implicated in distinct tumorigenic processes such as angiogenesis, proliferation, apoptosis and invasion. During cancer progression, cathepsins are often translocated to the cell surface of tumor cells or are secreted into the extracellular milieu, where they can promote tumor invasion through several possible mechanisms. Causal roles for cysteine cathepsins in cancer have been demonstrated by pharmacological and genetic techniques. This includes functional downregulation of cysteine cathepsin activity by increasing expression of endogenous inhibitors and administration of small-molecule cysteine protease inhibitors. Besides, causal roles for specific cysteine cathepsins in cancer have been demonstrated by downregulating their expression or crossing mouse models of cancer with mice in which the cysteine cathepsin has been genetically ablated. These studies have identified roles for cysteine cathepsins in both tumor cells and tumor-associated cells such as endothelial cells and macrophages.
Taking into account the causal roles for cysteine cathepsins, which present a cysteine residue in the active site, in cancer and the fact that the thiol-disulfide interchange reaction is important to a number of subjects in biochemistry, thermodynamic data regarding the relative energetics of the thiol and disulfide functional groups is essential for the understanding of the driving force and mechanism of biochemical processes. Temperatureinduced changes in crystalline amino acids are of interest for their properties and because they reveal the intrinsic motions of these structural fragments and their contribution to the dynamic properties of proteins.
So, a thermophysical study of the sulfur containing amino acids L-cysteine and L-cystine by DSC has been reported [52] . Heat capacities of both compounds were measured in the temperature interval from T = 268 K to near their respective melting temperatures.
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Furthermore, a solid-solid phase transition close to the melting point is only observed in the L-cysteine. Additionally, several polymorphic forms have been reported for both compounds. L-cysteine crystallizes in the monoclinic and orthorhombic forms and has been structurally characterized [53, 54] . Phase transitions have been detected when lowering the temperatures [55] and also when decreasing pressures up to 4.2 GPa and decreasing to 1-7 GPa [56] . L-cystine crystallizes in the tetragonal and hexagonal forms and has also been studied at ambient [57, 58] and at low temperature [59] and at high pressures although no solid-solid phase transition has been detected.
Metal complexes of sulfur compounds
During the past decade the study of mixed sulfur donor ligand complexes with main group metals has made a progressive development due to the development of new analytical and structural techniques [60] [61] [62] . These complexes present potential applications in areas such as fast ion conductivity, photocatalysis and electro-optics, among others as well as several biochemical applications [63] [64] [65] .
One of these promising complexes is antimony(III) bis(pyrrolidinedithiocarbamato) alkyldithiocarbonates. The link of two active ligands was the rational design used for the design of these complexes. So, pyrrolidine dithiocarbamates which represent a class of antioxidants mediate a wide variety of effects in biological systems [66] . It is a multipotent synthetic compound well known for its metal chelation property and one of the most potent and specific NF-kB inhibitor [67] . Besides, antimony metal containing compounds are commonly used to treat parasitic infections and exhibit a broad spectrum of chemotherapeutic applications and cytotoxic activities. So, a study has reported the synthesis, spectroscopic, thermal and structural behavior of antimony(III) bis(pyrrolidinedithiocarbamato)alkyldithiocarbonates [12] . Thermogravimetric studies not only allows to determine purity and thermal stability of the complex but also composition of the complex as well which it is observed during different steps of weight losses as a fragment formed in different temperature ranges [12] .
Another type of complexes with a potent anticancer activity which were designed using the link of two active ligands, are the palladium (II) and platinum (IV) complexes with active sulfur ligands. The use of antitumor drugs based on platinum(II) metal complexes, cisplatin and its analogues carboplatin and oxaliplatin is limited by two factors: installation of tumor drug resistance and severe adverse effects [68, 69] . Therapeutic strategies are oriented towards the development of new platinum-and non-platinum-based antitumor drugs with higher efficiency, reduced general toxicity and broader spectrum of activity [70] . Sulfurcontaining molecules are studied as chemoprotectors in platinum-based chemotherapy. Dithiocarbamates have attracted particular attention for the use of chemical modulation of cisplatin nephrotoxicity [71] [72] [73] .
The thermal behaviour of Pd(II) complexes with some dithiocarbamate derivatives was studied in order to establish the coordination mode of the ligand, to test the thermal stability [11] or to understand the effect of the alkyl chain attached to the nitrogen atom over the
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thermochemical parameters of the complexes [74, 75] . A series of Pd(II) complexes with tertbutylsarcosinedithiocarbamate [76] , ethylsarcosinedithiocarbamate and 2-/3-picoline [77] , dithiocarbamates and various amines [78] were developed as antitumor agents with low nephrotoxicity. Thermogravimetric analysis was used for the characterization of these compounds. Taking into accounts the kinetic inertness, high activity, low toxicity and suitability for oral administration of Pt(IV) complexes, some Pt(IV) complexes with dithiocarbamates have been synthesized. Morpholine dithiocarbamate, aniline dithiocarbamate and N-(methyl, cyclohexyl) dithiocarbamate alone [79] or with triphenyl phosphine as second l igand [80] were used in order to obtain Pt(IV) complexes with antitumour activity.
In 2012, Uivarosi et al. have reported the thermal and spectral studies of palladium(II) and platinum(IV) complexes with bis(dimethylthiocarbamoyl)sulphide and bis(diethylthiocarbamoyl)disulphide [81] . TG experiments revealed the nature of complex species as hydrated or anhydrous. Thermal decomposition of coordinated organic ligands occurs in one or two exothermic stages, the final residue being in all cases the free metal (Pd or Pt).
Other complexes with anticancer activity are de ruthenium (III) complexes with sulfur ligands. Ruthenium complexes with dimethyl sulfoxide (dmso) showed selective antitumor properties in preclinical testing [82] . Biological studies in cis-and trans-RuX2(dmso)4 complexes (X = Cl and Br) refer to different tumor toxicity and anti-metastasis properties of the isomers [83] . Dmso can be coordinated to ruthenium as a metal center either through the sulfur (dmso-S) or through the oxygen atom (dmso-O). Dmso provides a moderate acceptor site for π-electron donors and bound through sulfur stabilizes ruthenium in lower Ru(II) oxidation state, more reactive toward tumor cells [84] . The biological activity of complexes can be modified by addition or change of the ligands. Phenothiazines and their N-alkyl derivatives are themselves biological active compounds, suitable to take part in complex formation. Moreover, they exhibit a strong in vitro antitumor activity in numerous and various tumor cell lines [85] .
Recently, thermal decomposition of chlorpromazine hydrochloride (CP·HCl), trifluoperazine dihydrochloride (TF·2HCl) and thioridazine hydrochloride (TR·HCl), and the ruthenium complexes with dimethyl sulfoxide (dmso) of composition [RuCl2(dmso)4] and L[RuCl3(dmso)3]·xEtOH, L = CP·HCl, TF·2HCl or TR·HCl is described [86] . The phenothiazines are stable to temperature range of 200-280 ºC with an increasing stability order of TF·2HCl < CP·HCl < TR·HCl. The decomposition of all the compounds takes place in superposing steps.
Alkylimidothio-and alkylimidoselenocarbamates
During the last five years, our research group reported the promising and potent anticancer effects for several alkylimidothio-and alkylimidoselenocarbamate derivatives [87] [88] [89] . These compounds showed a remarkable cytotoxic activity in vitro against prostate cancer cells and other several cancer cell lines. One of these derivatives, the quinoline imidoselenocarbamate EI201, inhibits the PI3K/AKT/mTOR pathway, which is persistently activated and contributes to malignant progression in various cancers, and contributes to the loss of maintenance of the selfrenewal and tumorigenic capacity of cancer stem cells. This compound (EI201) suppressed almost 80% prostate tumor growth in vivo (p < 0.01) compared to controls at a relatively low dose (10 mg/kg) in a mouse xenograft model [90] .
Degradation and fusion temperatures for 20 of these anticancer derivatives were determined using TG and DSC [91] . Analysis of the thermal data indicated that: (a) in general, sulfur compounds are more stable than selenium compounds; (b) the pyridine ring diminished stability of sulfur and selenium compounds much more than the carbocyclic aromatic rings did; (c) selenomethyl derivatives are more stable than selenoethyl and selenoisopropyl compounds; (d) a chlorine atom on selenocompounds has surprising effects. So, the presence of intermolecular bonds was pointed out between chlorine atom and selenium atom [91] . With regard some substituents present on aromating ring and the ramification and length of chain, it can be concluded that the presence of electron-withdrawing groups in selenocompound structures improves their stability. Besides, selenomethyl derivatives are more stable than selenoethyl and selenoisopropyl compounds [91] .
The determination of the polymorphism of a substance is of great importance due to the strong influence of the crystalline form on the physicochemical properties, bioavailability and stability of drugs [92] , and, in some compounds with biological activity, can even become metastable forms, being twice as active as the stable form [93] . So, our research group has carried out the study of the physicochemical properties of polymorphic forms of a serie of alkylimidothio-and alkylimidoselenocarbamate derivatives with a combination of DSC, thermomicroscopy and X-ray diffractometry [94] . In this study we observed that polymorphs could be formed when the compounds are heated above their melting points. The results showed that there are four types of thermal behavior for alkylimidothio-and alkylmidoselenocarbamate derivatives: (a) compounds which do not evidence any polymorphic forms (behavior I); (b) compounds which solidify into an amorphous solid form (behavior II); (c) compounds which present a new polymorphic form at a Tonset lower than the original one (behavior III); (d) finally, compounds which have three polymorphic forms with three different Tonset values (behavior IV). Calorimetric studies demonstrated that sulfur and selenium analogs have the same thermal behavior. So, the different thermal behaviors observed for these alkylimidothio-and alkylimidoselenocarbamates are caused by the substituent groups in the aromatic ring, although there is no relationship between electron-withdrawing and electron-donating groups and the thermal behavior.
Case study: Thermal analysis of selenyl acetic derivatives.
In 2009, our research group reported the cytotoxic and antiproliferative activities in vitro of selenyl acetic derivatives against several cancer cell lines [95] . Considering the structure of these derivatives and their inefficacy to induce apoptosis and to affect to cell cycle, we decided to perform a thermal analysis for these derivatives. So, we carried out a thermal stability and calorimetric studies for some of these anticancer selenyl acetic acids (Figure 1) . 
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Thermal stability studies
The thermogravimetric studies were carried out with a Perkin-Elmer TGA-7. The thermobalance was calibrated with alumel and nickel at 10 ºC min -1 . The calibration of the oven temperatures was carried out automatically. Mass calibration was carried out with a certified mass of 10 mg (ASTM E617).
The calorimeter was calibrated with indium and zinc (provided by Perkin-Elmer and fabricated according to guideline ISO35) at 10 ºC min -1 and a nitrogen flow of 20 mL min -1 . The gases connected to the equipment were nitrogen and air with a purity of 99.999%.
Thermogravimetric analyses were carried out under nitrogen atmosphere with a gas flow of 40 mL min -1 at 10 ºC min -1 , using a sample of approximately 3 mg.
All the compounds sublimated before the degradation process start. So, it is not possible to study the thermal stability of these compounds using thermogravimetric techniques.
Calorimetric studies
The calorimetric studies were carried out with a Perkin-Elmer DSC Diamond. Calorimetric analyses were carried out in aluminium capsules for volatiles of 10 µL, at a heating rate of 10 ºC min -1 , using a sample of approximately 3 mg, in order to establish the Tonset and the enthalpy of fusion ΔHf. All of the experiments were performed at least three times and the values were expressed as mean ± standard deviation.
The obtained data ( The calorimetric data (Table 1 ) demonstrated that compounds 1 and 5 present a very significant higher Tonset value for the fusion process than the other selenyl acetic derivatives. Both compounds present two groups substituted in the para position of the aromatic ring that can act as hydrogen bonding donors. So, these groups could form a different hydrogen bond interaction with the proton of carboxylic acid group (Figure 2 ) and this interaction should be stronger than the interactions established in the rest of the compounds. If we compare the calorimetric data for selenyl acetic derivatives with other organoselenium compounds (alkylimidoselenocarbamates) synthesized and published by our research group [91] , we observed that the Tonset values for the first ones were significantly lower that their imidoselenocarbamate analogs ( Table 2 ). The selenyl acetic derivatives are smaller molecules than imidoselenocarbamates and hence they possess lower Tonset values. Nevertheless, the enthalpy of fusion values for selenyl acetic acids are significantly higher
Applications of Calorimetry in a Wide ContextDifferential Scanning Calorimetry, Isothermal Titration Calorimetry and Microcalorimetry 376 compared with the imidoselenocarbamates in all cases ( Table 2) . These data seem to point to the existence of intramolecular hydrogen bonds for selenyl acetic derivatives (Figure 3) 
Conclusions
Sulfur (S) and selenium (Se) compounds present several applications in a great variety of fields and the study of their thermal behavior is important for their usefulness in these applications. So, the thermal data are necessary to understand the properties and functions for most of these derivatives. The application of the thermal techniques to these S and Se compounds allows, among others: (a) the study of degradation process, as well as the quantification of the purity and composition for coordination compounds; (b) the characterization of thermal behavior for semiconducting glasses; (c) the determination of solubility isotherms and the field of crystallization of inorganic metal-selenite mixtures.
In the last decade, among the wide range of compounds tested as potential anticancer agents, several structurally diverse derivatives that contain a sulfur or selenium template have been reported and have generated growing interest. For that reason, in this chapter we have focused on some relevant thermal studies in sulfur and selenium compounds with anticancer activity. The thermal techniques, and particularly the DSC, are especially useful in these compounds since they can point out future issues in its pharmaceutical development. The determination of the polymorphism of a substance is of great importance due to the strong influence of the crystalline form on the physicochemical properties, bioavailability and stability of drug, and, in some compounds with biological activity, can even become metastable forms, being twice as active as the stable form.
Finally, we report the unpublished thermal analysis data for eight selenyl acetic acid derivatives, which possess cytotoxic activity in vitro against several cancer cell lines. All the compounds sublimated before the degradation process start. So, it is not possible to study the thermal stability of these compounds using thermogravimetric techniques. Nevertheless, the obtained results for calorimetric studies allow to point out some calorimetric behaviors concerning to their stability in the fusion process: (a) the substitution on the aromatic ring causes an increase in the fusion temperatures of these compounds; (b) the inclusion of a methylene group between aromatic ring and carbonyl group seem to lead to a diminution in the Tonset values; (c) the presence of groups such as cyano and chloro on the ring, which can form hydrogen bonds, significantly increase the fusion temperatures of these derivatives.
